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TI - ELECTROSTATIC DRIVING TYPE MICROACTUATOR AND PRODUCTION OF VALVE AS WELL AS 

ELECTROSTATIC DRIVING TYPE PUMP 
AB -PURPOSE: To provide a valve constituted to substantially prevent cutting of the curved part of a film constiti 

disk. 

-CONSTITUTION: A prototype of an S-shaped film 7 constituting the valve disk is formed by utilizing the mold o: 
wafer 2B formed by etching and thereafter, the driving section of the film 7 is produced by selectively etch 
wafers IB, 2B and 3B. These silicon wafers IB, IB and 3B are laminated in three layers and fluid apertures I 
are formed. As a result, the cutting of the curved part of the film constituting the valve disk is substanti; 
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1 

BBfcBB^tt&ftfcBlcflBBiaHR*. ffifiHSW 
BB£B3 ©*««WiT*#«**^tt*»«B» 

a^-r^D7^^3.x-^(DjMpj!7ttic^iir, neb 

2 4>ra£BEftBB*£irr«B£. i»es!2<ds« 

#trttBB±£fflE^B*ABlft:£. Htrf2*$8&£ 
&*HTO»rtT3C:£«M^T*B3fcBl fcBB© 

[m&m 3 1 #&m&&i&z n-#<z>BioffiE*££& 

MTBBPTBftJBBS«* a r*JRB)WR(t6nftiB2«> 
BBfc. f n^n^ilT^J tiTf iS^tl 1 , B 

«B*B«3W«t6n&BlcittBBl»«*» ittri2S5<D 
BBICB 3 4>S«eaBT*¥B£ftA/?&:*»«BB 

3 ©-en-en© j&k \ztm^HB ^itmp^ n^sn 
#Bn«*xy^->^icj;o^i«i-*c:t*««i:"rs 

-*#B#m *fctt2<0-5-5, ^■ftuMBKlEBO 
^rSTBfPSnfcBBBBBr^^aX-^TfftSCt 

m*m s ] #«B»a^-f 9 a;vu7*m 

HM©t¥Bft:K«] 
[0 0 0 1] 

[BBiiOHB^M *»9!tt» MSB±i:WI*8 
JEW 5 ¥3i#&Bliax££« lCi5 HTJH ^ 5 #*B» 

[0 0 0 2] 

Sr*-«l3WHft*nfeB«i:, e©»«M©T6fclcSE 

5, BBAlcJ:-3TB4E«Bfl:a««C&lzA0« 
BBPBftBBTBBT^anaCOT-fjrnytA^ :/ 



(2) ^¥7- 2 8 6 2 5 8 

2 

v • 7-f • -f — r — r- • 

v-f # a • XW# h^^^x^;P • isTsJ-U (Proceedi 
ngs of the IEEE MicroElectro Mechanical System) % 
9 5-9 8E 1 9 9 O^lCEBStTtV*. 
[0 0 0 3] C<0t$*»€ > nTV^T'f jrD/t;urtt. 
->U 3 >£B±&EB3ft¥Btt©«B*#*Bflrt<B 

arr*BPfiB£WT*&s#£:* Bttdfaa-r *hp« 
* m h*t « « *tm«tt©#*-eBj* $ n, 

B«<o«a#©-B^B»e»nTv^ME«p«*fflu 

[0 0 0 4] iB^v-f^Dy^^Tll BflrtTOrr 
S§GPgB©WEfllcte, tttt*M»i*m£BT«. -n 

fMM^ntLJ^^T^S, MIC »E*H*rt* 
B<WBBP«*BCSB©IIW15l*tt, »«©/**©« 

*ttB«moBB0 2BKEJt«-r*fe»» /**©*» 

BiTett, ttE#fMWR^^U3>SS±CBtf&n^ 
«« t CD MB A HSH- m mSAft 
[0 0 0 5] tot, BEJtBav'f * D/^^?ft 
ffiBB PaWBHTH* «t#K:arr w £ ©T£*a£#© 
«Stt* BENBCJ:0MB3n«fcab. 4>ft<&*. 
Si^^X^H^ WNeBBBBUB^ ? un 

[0006] awwiW't ^aitt^sttvx, 

S©$fc«T»*»B¥4-- 1 3 6 6 2 2*^E«^nr 
&#*B¥4 - 1 3 6 6 2 2 4»fcE«an;fc1IMfc*7 
TTBBrT* 7W Mi7^faX-^ 1/&»BB 

;V/»0)Bft»T»S«a^iE»bTir^»^&«*B 

40 7-f ^Aa*©;l**lC«fc5a»AttB^UT^ 
Vico-c, #a)KB^BBA<nTB£:d:^. 
[0 0 0 7] 

[38H#BRb«fc5i-r*BB] ±E^8i¥4- 1 3 6 
6 2 2*fc:E«^nfcttBtt, TO«T»*S?i»«7 

BttBlcBSUT^-5. ;VA<o^D7r-f;l' 

5» T^i^o C<0*»Trtt«ttB<0BH^D7T-f;KZ)IWB 
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3 

[0008] *38w<DBMtt. mmBtf®mztx\z<^ 

[0 0 0 9] 

[Sfcffi£®ftT*fc*!>a>^©] ±BBBtt. &1<d*Wl 

tit. +fia^»ri6Sti--j!jOHiiHiie+ffl«WTja 
«^BfcHia»**T*BB#Rtt&nfc»2©^ 
^n-?n»8@TR* nriis*^t^ i , »30 
s«i:«»fpu web 2 ©st^aw/cME 
*mb*w? £ nizffi \z msim i B9f5B<oa® 

#<DWfc»«£x*3 t >yfc<fcD#/SU MHi«*tr 
fflEW±fcll9EM»«£/dML&»* BB>P£BeME 

& nt ^ * m<D mmo^iftfr x * > y tc 

[0 0 10] 3SIC> Jg2 0D^8£LT* +ffl«^»J* 

&mmt>mtf s nr^m 2 omit* *n*nmmmx& 

X. ttfiB2®JM&lftATttE*BBjmtt&ttfcB 

£mE»i&«£. iwaH©«ait:iii3©it«**jit 
miz&^x. i»BJBiatfiB3fl>*n*n©awfci«E 

[0 0 11] 

MIU8] »2©at«T*S^U3>**HIC»*ttX^ 

SMC* U 9A*Bttr*BBTaRE3''J ^ >S«£SS 

BB«*»*T*!ltT, ffi*©«tti©»f®yn77 
;p&e?T5)tti:«4t5«^xs/ vttoy □ 7 r 

BB»**fc*ABB®BB«jW«J:BT 

«Batuc<<JM. 

[0 0 12] &tc, ±K-?<19u;V\s7<0iMttm*+ 
[0 0 13] 

[HJfiCT] *BB©BB««B1*&B9*JB^TRB 



(3) ##!¥7- 2 8 6 2 5 8 

*T£c 0 1 liBBBBSV'f ^DT^iX-* 
T» 7^f2l-?il^) 03HrflB. 812 147^ 
x-^$lVife#iK»av-f *n/W7 (JKT, AMI/ 

to o i 4] 01 fr^-ry^iX— — ^coffijr 

MtJMW4*J»j8Sn&» 2 <OS« 2 A«C*flB& 
bTEBStU MESS 2 A<07<ffr2x7fiW)&Znit 
ffiK:#I^LT«HdB4AS^L,TEB3nfc»10»« 
J0 lAt, ttBBB2AO«M4«tMdtl«:BlCMM 
UT&jStfl 4B^ LTESSftTcSS 3 3 A 

M«nTSMtftLW«. ME«R2AK:fiHHts 
*Bift*ii:a+£«*&T**l^Y 1 3*tHMK£*U 
BE##£fc*:7*;kk7tt, iaiSSIRl A^ffifSS^ir 

try* i 3«jcg5SbTv^aa;ci:0H!iia««2Ac 

»ffi|LTV^SS3 A<DBICSST5^T 1 <BJHtt£nfc 

B«&»9) £U *OW«l«©^WIBa*2AO? 
S«fcR#sn**jB£fc!K BB««*<DB»ttfflfi 

[0015] nesKiA, M3Aii tdfEiSse»iP4 

A, fttf4B-CB*tlS»ES^«7>rJl'A7a)«IES 
^WIKtSWSA, 5 Btfi^rtlttrntitZtlX 
V>*. BGSBl AlCii. ffle«B5A£B^l, 

ftlrin«^50'J-H*S««T4«l«3 hX 
U79B fttffiEffiBfl 4 A<Z> 1 gB£f$ifc UrgBS^tlT 
£ blC, MiSiffi 5 ASIIL/TM7^;!/A 7 

HXU7 9 AlC£*a#E«3ftTV>*. ffl 
^ E36« 3 A fctt> MEM5 BiH^^o^S^SO 

u-F»*aarr-5««»3>^^ i-xutscswihe 

[00 16] B2«. AET^aX— 

;w:/0>BB£3kUT^*, Ravi^W:, met^^ilx 

*JD^fc«l*T*-5. tf-M 1AH MESSlAfe 
^ Sj1UTS9ES«2 A<0^^t:T-^ 1 3(C|58P$n, * 
-H1BH MSfi3A$IibttfH2S«2A<^ 
1 3fcflMd#-M 1 At»WUTBPSn 
T^5« WES«2 A<7)=^^fcfx^ 1 3te<DWLft&74 

;^7®s?»«W»^ttBlcjSi;T#-h l lAfel 

<ii#-h i i Boi^^^-*^^»m-rs*i§8c^: 

1 A !> L < l»S 3 Al:»J« LfcH^l/t^ft^AP* 
[0 0 17] 03tt»«BliY-f^O7^faX-^ 

5(7 ©BloaW#B*«T^n-fc^Htr*S. J^TlCT-f 
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5 

[0 0 18] (1) BJ3CO (a) - (b) \Z*T7u* 
X<D«r«Ba«2A©fl|ffl»«, SS2<DS«Tfc£J93 2 
2 0 *i m© v >J 3 >^IA 1 4 A£>±® IC yU3 ><DX 

>-)IA 1 4AlC**ttX^^>4fT«5 0 Oiim, & 
$2 -3 mm. 0 0-15 0 /im(7)»882 8£ 

Tfc£. &faffi<DH£&(DWlj<<L& (100) ©5/ij3> 
I^IAM^&lft »«2 8WIgC0ffi^ft{2 (1 1 

1) £fc£o 

[0 0 19] (2) 03® (c) {c^-r^n-trxic^s 

4ACOaffifC->U3>COX^^>^-7X^/^^->2 

[0 0 2 0] (3) 03<o (d) tc^-r^oirx^J:* 
^JR7>f ;UA(73^^-X>^. JWB2 8*:rra^U3 

if^m mite** . 

[0 0 2 1] (a) i/'Ja>^XAl 4 A±^hUix 
h<AWi&te3 5cp, Xfcr>^-a>|5!K*ttl 5 0 0 r p 

[0022] (b) fthuvxbnnyttmm&mK 

[0 0 2 3] (c) 4feJS7>f;PA8&^U3>^X/M 

4 a kfc*jarr&. 

[0024] Aii7^;pJu«)«riberttfttf«nicff-3/x 

W«M10Gdyn/cm 
2 MfXEO. 13Pa, ^Ay^KM0A/s) 

">x/\±lc*«Ro/t^->3Wgj««na. 
[0 0 2 5] 2. »?«:RMfflBTom»6t?M 



(4) ^¥7-2 8 6 2 5 8 

6 

X/l^y^*i*TvU3>^xy\±f^M^^/l^~x> 

W*9->±AZtofr&M»*B&ttZ>. 
[0 0 2 6] ±ttt\ZV7h*7mz&Z?\,*tz&MBm 

[0 0 2 7] (4) 03© (c) Ic^TynirXICcfcS 
S*^«7>r^AOfPriu y'J3>«^XA 14A$ 
a? (2) TMlfc^XAilOTX^/^- >2 0 

fetlCTkilftAU^ATKSJK^TXy^irra^, & 
«7^;^Attias»a©**t^U3>r>xAc«»*n 

[0028] (5) B30(f) - (1) \Z7sk*T7n± 
XK£*7^^X-^CD&&"C> (4) Tfif^bfc^ 
'J3>WA14A^ «&5A^lftWB4A^d!itt2 
6 $fT5^ 1 C0S« 1 AT*5-> l J3>^XA 1 4 B 

30 ^->ija>^xAi 4C<D3ft*&&-rz>Zt\zJ:r)fc 
[0 0 2 9] ft^Jltt, 1 0 0-3 0 Or^iaTTfc 

**tt£^r-r*»ttt# i M s hams, t>u<«, 30 

0-40 OtCMT^t^ C a:**RrtBTr*-5»*^ 
[0 0 3 0] H4tt7*^xX-*<D*2 0.«|ffe&tt<D 

7n-^^-riaT^o. r^^jLX-^^jR^^;^ 

©Bi^lRKOXhcr-^SttaKafiT^^r^^aX- 

^fax-*o»i©BfwsTrn Miexhn-^ta 

* 2 (DSffi ><>XA 1 4 Atf)JfS$ Kffi 

iT5C<tA^, «M"r*5/U3>*XAOJ»aiCJ;0 
7^o.X-*0>X hD-*tt^»fc»«LTL*i 

(hv^^^^^ i2d4ic^-rr^5 i aLX-^cDiif^ 

®3fc^Lfe®^ft{c»(Hl(0/^-x>^, 
xy^>^»<z>^n-fex^an^T, 7^ax-^ox 

50 [0 0 3 1] (1A) I40 (a) . (b) [C^rr^D 
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7 

■feXCJ:S*>U3>^XA(Z)»SB«d6. ?82<Og«t2A 
T**#2 2 0 O//m05/U3>^XAl 5 A<Z)poElC 
i/'j3>I-^>^7XW->2 1A, 2 IB 

tx*a*->2 i BttaR»»^»«^a 

T«OTX^->2 1 B<DJ*V>»#©*£X 

* t> t *C*BM:# U y'Jn>^x^> 
^T££- S3Stf>&£:£«2 8, 2 9OT»«SnS. 

V>£ Z. £ \Z «fc 9832 ©HfcSiMBfcJMfr* - £**T€r 

>2 1 BOiP^«»i:»Vi«S>«)i9S*S>aET*^ 

[0032] (2A) 04© (C) - (c) 'rC^r:/n 

*->2 lAW^>^£t5. 04 CO (c) 
fcjnTTffl«©vx*/^-->2 1 B«^jg7^;WA^ 

AA* — >8 tSffiCOVX^A*— >2 1 B&fe£lC4 
0 X*l*fbrt U *A***f>T3/ U 3 >!^lA*Xyf 
>^IT, Po*SgCO^>'Un>'>XAlC«»Snfc^ 

[0 0 3 3] (3 A) BI4C0 (f) - (j) !:^t/o 

•feXfc«fc*ia«^xA<ofPdL i7f>^TX^;^ 

— >2 1 C&tf 2 lDSfetl:, IS 1 COStS 1 AT*3 
i/U3>^XA 1 5 B£3H3COg«3 AT^i/'j3> 

#xa ncs, -ett-en*wi:* u ^ a*js**t?x 

>^>^LT, ^n*n«jE'>'J □ >^xa 1 5 AKl: 
ffiJ^£dbS8 2 6 £2 7*»JSfrT-5. -OCOdlSI52 6 , 2 
7 <Oi§£ €rftt)*fc**$^»« 2 AT** v U 3 >^ 
XA1 5A<D»2£*lXfc*«fc3K^U:3>*XAl 
5 Bill 5C^X7f>m. 

[0 0 3 4] i!MIIWl/W*'> ! J3>*XAl 5B& 
tfl 5C©M tC^n^n^S 4 A, 4Bt«Hto 
>^^hX'J79B, 9C*»«tS. iftfrf*&#S4 
A. 4BICttv'U3>»ftlB ! bl/<ii5/U3>*fl:BI& 

ffi^fc. Si5A, 5Bic«A;i.^<oi/ya>^xAi 

5 B , 1 5 C S^tt^n*!*) l/fc. 
[0 0 3 5] (4A) 04O (k) - (1) 

H2XKJ;*7*^:iX-*©»ftT. yU3>^x;\i 

5 At, M5A&m«4A&att2 6**?*^ 
3>«>XA1 5B^ mffi5B^ift®4Bidi»2 7 
Wt«i/'J3>WA1 5C<h<7>3«cogt££0 3<7> 



(5) »BB¥7- 2 8 6 2 5 8 

* SttStlcRST^SWaKftffl^-f ^7^?iX- 
[0 0 3 6] ±B«IP*J*<0*&. T*^n.X-*<7)X 

ha-^«asB2 6«»(«i:«»«. aas 2 7^i^5$ 

»*liT*t€r7-<JPA*S^»«lrT*i!bffl2 6<0iti 
SttyU3>^XAl 5 AfOJ9£a> SdbSB 2 7C0ffi££ 
5K^fflfC-r^>« MZtts 5/U3>9XA15A©S* 
10 $2 0 0 Mm, i??352 9C0SS££ 1 0 0 am, fiS52 
6, 2 7 cOift^fc-en-^ni 0 0 um, 10 0 /imCf 
nt^7^;UAC0M^[R)C0X hn-^{Ji 0 0 um\Zf£ 

[0 0 3 7] £(1(0^^6, *«2 8 0«B3, »852 
9<B«R£, dbg* 2 6(0S£, ^3i:iCXOSB2 7C0i££, £ 

£swrr * tatT^ *„ 

[0 0 3 8] 0 5S*7*^:iX--*<B3&l©StRT** 
±«*«<OlBia)»fP*ft<07n-^T!aT*0. db 
it? « 2 6 «^$nf:« 1 0lSW-> U 3 >^XA 1 6 A 
0*fP^WS^"r^ci-feXHT*5. H3 2fctflS4<DS8 
Ji«SJTtiT^^iX-^C0^«:Wrd:^n-feX, &\Z&m 
7J)\,2±<Dft&tt\Zm^ *sVn>V3L/\^<D&&<0 

[0 0 3 9] (IB) g35<0 (a) tC^I" :/D-feX!;:<i; 
T**iP£4 0 0/imO'>U3><^XAl 6 AcOffiffifc: 

fflBtte (Mf£ i i o or) W7f>y»TX^;^- 

>T***>U3>S^tR2 2 A, 22B^W22C=& 

(a) fcjRT «fc 5 HJ 7^77^-T/^~3>^f 
T*. ^XA*H«)^U3>«<kjK2 2 A(I«M2 A 

<Dtn»3>^^ nxu7 9 A\zmz>nz 0 *m&?z> 

1±ibw%*— >KmtitZtiT\i>&. tfxASfficoi/tjn 

>»fcKfc«, J5^«»2 2B^8i5»2 2COJ;5 
[0 0 4 0] (2B) S5<0 (b) - (c) l^-T^D 

•txK:j:*«a»3>^^ hxurcaaMKWMto 

40 Mf& ±«BMfB©VX^/X^->T*«vU3>liflsR 
2 2At>/ij3>Kfc|»2 2Bt>/U3>M2 2C 
Wfn$t)(i:(:yU3>^XAl 6A^4 0%*Sfc 

ftU9A*jMM> («at6 8r) T»*ttx^^>yr 

2 2 C*X!y^>if bTRJ93^»V>ffl»<0*€:i»*r 
-5- UK* ^U3>^IA1 6 A£#«fl:;frU^A*jg 

*«t»-exyf>yiT«a»3>^^ hxurfcasa 

5^ ^->1?ft5^ , J3>Sftl2 2 A, JktfS/U3>WS 
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(6) 



7-286258 



10 



f»2 2 B£»*-f £«» 

[0 0 4 1] (3 B) 0 5<o (d) ic^-r^n-fe^fr^ 
Al 6 A^S®lw^Kffc*rv I Jn>K^4 A^^"T 

frti><DmZL?>?9 hXUT 9 B#»J«a*lTV>*. 
[0 0 4 2] S6 5ir^f3.X— ^CQf&l<Dg«T&£ 

BCTtitSnfcS 1 <0SST*5^U 3 >-)XA 1 7 A 

1-5 ^bfc7^fax-^ll ->U n >^x;m:a 
t«*©t*5^ix-!5mc#« 
[0043] Hsi^L/fcsaswTttiaas^wrs^u 

n >^XA 1 6 AWT««ffiW^ T J 3 >*XArt***ai 
ttt 5 A W*7^f aX-^0)«ai:^^Tig8UrVi 

XAl 7 A«D7-</PA7«©«©P*MWC'?— /^HHB* 

ffiRiim fc 5 7 >r ; v a <n xannk^flB ft 3 „ 

[0 0 4 4] ft*3. ~>U 3 >tf XAftlC^L^T^f 1 

u n >9XArt-en«fc«Tisi»ic»f^s lars t 

[0 0 4 5] W2lC^L?t#«JB»S!^^D/^^ 
01* 3 ~S 6 C/Tlfc^^f ^ D 7 ^ faX 

fi£oT. T-f >?D7«?^iX-*<a§af£#fc<h 

[0 0 4 6] 07 0 8 «^ft^*l0 2 SCttcU^:^ 

5 AtJB3 0>*«3 BT?*ST«1*a5 Ba>J!HP^rffi€ 
^t^Dt70T*5 fl 0 7tf>dbS^>U:3>^XAl 8 
AO»fP^*tta*Wl-»H5»(tfBI6 lC^UfcS/U3 
>»>XA<3!)»fP*StW— Sft*&«u Ht## 

^ h*-;v 9 a icssa Jeiw»j«-rs C 
^tfjxfs«ffwaaBT?**#- m i b san^ofe 



[0047] ei 9 «»aa»s^-f ^ D/^i/ycottco^ 

T^iiC y U 3 >^XAS?W tT^^c 3EoT, >- 

IJ n >^XA±lC-7< ^ 07^faX-^ U < tt^^f 

A±<oft7^fax-^sta»i:ifiB»t5ct^ 

(a) , (b) , Xtf (c) ft 

i0 *3, B 9 u n >S«»y 'J ^ >«>xArt<Dn;^<o 

iaB#£^UT^*. 

[0 0 4 8] 09CD (a) , (b) , Rtf (c) te^n 
iPWite. f|S 1 <Z>g«X&*±fl5mffi#^XA, ^2 CD 
i«T*§S?M7^W)XA, |&3CDg«T&£ 

A* (a) (b) (c) coJE^lfc^TS 9* SI 
■T*2:t ft*. 09 (a) r<h09 (c) r 

\t^tn^nm9 (a) £0 9 (c) \z7jkvrzm&<nmm 

20 ^LTV^ a 

[0 0 4 9] 0 9 (a) (0±»«W9XAtt, Sfc#IU! 
D«l 2 At, M»f3tBbMX;ir-*-^l 0 A» 1 
0B, WlOCi:, ±fWt*->6At dbSB2 

3^&ft«. tnOBLM^ *-JH OA, 10 

b, iocwn^n, s*»«7-f^Ai»«iawg 

(b) ^S^«7^M«)XAH ffi^ai<a^-> ? J 
J0 3>9XAi:«»«nfc7^;VA8J^5*S, 09 

(c) (DTIP&ffiffi'y-XAte, 2fc#MSftJ8tf>llf!ngBl 2 
B, 1 2 C tTSSffi/^-> 6 B t, «I/^->± 
IC^Lfc0^TV>ft^iS^®£7^£ft£o 

[0 0 5 0] B9i:B«»«WOllP«12C*W 
2A^U<«1 2B0£'65.^- 

xARirFa««w^x/Nfc»*r 
40 A±k:^«Lfc«A;v^ic«-€-n-enB»ffl«a^^- 
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